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( $\cdot,$ $\cdot\rangle$ $L$
$L$ $T(L)$ $\{x\otimes y+y\otimes x-\langle x, y\rangle : x, y\in L\}$
$I$ $|\mathrm{J}$ Cliff(L) $:=T(L)/I$
$L=\mathbb{C}^{\infty}$ $\{\alpha_{i} : i\in \mathbb{Z}\}$
$m>0$




$V_{1/2}:= \Lambda[\xi_{m} : m\in \mathbb{Z}_{<0}+\frac{1}{2}]$ Cliff(C
$L_{k}:= \frac{1}{2}\sum_{j\in \mathbb{Z}+\frac{1}{2}}j$
: $\psi_{-j}\psi_{j+k}$ :
: $\psi_{-j}\psi j+k$ :
: $\psi_{-j}\psi_{j+k}$ : $=\{$









(cf. [KR] 3 ) $V_{1/2}$
$\langle\cdot|\cdot\rangle$ (\psi A $|B$ ) $=$
$\langle A|\psi_{-m}B\rangle$
$\langle L_{n}A|B\rangle=\langle A|L_{-n}B\rangle$ $V_{1/2}$
$\frac{1}{2}$
$V_{1/2}$ $\frac{1}{2}$
$h=0,$ $\frac{1}{2},$ $\frac{1}{16}$ 3




$V_{1/2}=V_{1/2}^{+}\oplus V_{1/2}^{-}$ $V_{1/2}^{+} \simeq L(\frac{1}{2},0),$ $V_{1/2}^{-} \simeq L(\frac{1}{2}, \frac{1}{2})$
$\mathrm{c}\mathrm{h}L(\frac{1}{2},0)\pm \mathrm{c}\mathrm{h}L(\begin{array}{l}1\mathrm{l}\overline{2}’\overline{2}\end{array})=\prod_{n=0}^{\infty}(1\pm q^{n+\frac{1}{2}})$
$\psi 0=\alpha_{0},$ $m>0$ $\psi_{m}=\alpha_{m}+\sqrt{-1}\alpha_{-m}$ ,
$\psi_{-m}=\frac{1}{2}(\alpha_{m}-\sqrt{-1}\alpha_{-m})$ Cliff(C $\langle\psi_{m}, \psi_{n}\rangle=\delta_{m+n,0}$
$\{\psi_{m} : m\in \mathbb{Z}\}$ $V_{0}:=\Lambda[\xi_{m} : m\in \mathbb{Z}_{\leq 0}]$
$m\neq 0$ $m=0$
$\psi_{0}arrow\frac{1}{\sqrt{2}}(\xi_{0}+\partial/\partial\xi_{0})$
$L_{k}:= \frac{1}{16}\delta_{k,0}+\frac{1}{2}\sum_{j\in \mathrm{Z}}j$ : $\psi_{-j}\psi_{j+k}$ :
$V_{0}$ $\frac{1}{2}$ $V_{0}$






$L( \frac{1}{2},0)$ $V_{0}^{+} \simeq V_{0}^{-}\simeq L(\frac{1}{2}, \frac{1}{16})$
$\mathrm{c}\mathrm{h}L(\frac{1}{2},$ $\frac{1}{16})=q^{\frac{1}{16}}\prod_{n=1}^{\infty}(1+q^{n})$
1.2 Local system $\epsilon$ SVOA
$\mathrm{E}\mathrm{n}\mathrm{d}(V_{1/2})$ $V_{1/2}$ $a(z)=$
$\sum_{n\in \mathbb{Z}}a_{n}z^{-n-1}\in \mathrm{E}\mathrm{n}\mathrm{d}(V_{1/2})[[z, z^{-1}]]$
$[L_{-1}, a(z)]=a’(z)(= \frac{d}{dz}a(z))$
$v\in V_{1/2}$ $a(z)v\in V_{1/2}((z))$
$V_{1/2}$ $Q(V_{1/2})$




$\mathrm{E}\mathrm{n}\mathrm{d}(V_{1/2})=\mathrm{E}\mathrm{n}\mathrm{d}^{+}(V_{1/2})\oplus \mathrm{E}\mathrm{n}\mathrm{d}^{-}(V_{1/2})$ $L(z)\in \mathrm{E}\mathrm{n}\mathrm{d}^{+}(V_{1/2})$
$[[z, z^{-1}]],$ $\psi(z)\in \mathrm{E}\mathrm{n}\mathrm{d}^{-}(V_{1/2})[[z, z^{-1}]]$ 2 \mp $a(z),$ $b(z)$
$\exists N>0$
$(z_{1}-z_{2})^{N}\{a(z_{1})b(z_{2})-(-1)^{|a||b|}b(z_{2})a(z_{1})\}=0$
$a(z)\sim b(z)$ $|a|$ $a(z)\in \mathrm{E}\mathrm{n}\mathrm{d}^{+}(V_{1/2})$
$[[z, z^{-1}]]$ 0, $a(z)\in \mathrm{E}\mathrm{n}\mathrm{d}^{-}(V_{1/2})[[z, z^{-1}]]$ 1 $Q(V_{1/2})$
$1(z)=\mathrm{i}\mathrm{d}v_{1/2}$ $Q(V_{1/2})$ $L(z)\sim L(z)$ ,
$\psi(z)\sim\psi(z),$ $L(z)\sim\psi(z)$
$Q(V_{1/2})$ 1(z), $L(z),$ $\psi(z)$ 1
$W$ Dong $W$ n-
$a(z)_{n}$ $a(z)$ $n$- $W$
$\mathrm{Y}(a(z), Z):=\sum_{n\in \mathbb{Z}}a(z)_{n}Z^{-n-1}$
$\{W, \mathrm{Y}(-, Z), 1(z), L(z)\}$ SVOA




1.3 Minimal SVOA $L( \frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$
SVOA $V_{1/2} \simeq L(\frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$ SVOA
$\Phi$ : $M$ $arrow$ $V_{1/2}$





$M/ \mathrm{K}\mathrm{e}\mathrm{r}\Phi\simeq L(\frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$ (VOA )
$\Phi(1(z))=1$ , $\Phi(L(z))=\frac{1}{2}\psi_{-\mathrm{z}}3\psi_{-\frac{1}{2}}1$
$L( \frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$ SVOA $L( \frac{1}{2},0)$
VOA
$L( \frac{1}{2},0)$ VOA $L( \frac{1}{2}, \frac{1}{2})$
SVOA $L( \frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$
SVOA
$(\mathrm{S})\mathrm{V}\mathrm{O}\mathrm{A}$
$\theta$ $\theta \mathrm{Y}(*, z)\theta^{-1}=$
$\mathrm{Y}(\theta*, z)$ $\theta 1=1,$ $\theta\omega=\omega$ SVOA
$L( \frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$ VOA $L( \frac{1}{2},0)$
$\omega:_{1}\cdots\omega:_{n}1$
$L( \frac{1}{2},0)$









$\theta$ $k^{2}=1$ $k=\pm 1$




2.1 $\ovalbox{\tt\small REJECT} 1\mathrm{J}$
$V$ $\mathrm{V}\mathrm{O}\mathrm{A}_{\text{ }}(M^{i}, \mathrm{Y}^{:})(i=1,2,3)$ $I$ : $M^{1}\otimes$
$M^{2}arrow M^{3}\{z\}$ :
(1) $I(u^{1}, z)u^{2}\in M^{3}((z))$
(2) $I(L_{-1}u^{1}, z)u^{2}= \frac{d}{dz}I(u^{1}, z)u^{2}$
(3) $\exists N>>\mathrm{O}\mathrm{s}.\mathrm{t}$ . $(z-w)^{N}\{\mathrm{Y}^{3}(a, z)I(u^{1}, z)-I(u^{1}, z)\mathrm{Y}^{2}(a, z)\}u^{2}=0$
(4) $I(a_{n}u^{1}, z)u^{2}=\mathrm{Y}(a, z)_{n}I(u^{1}, z)u^{2}$
$(\begin{array}{l}M^{3}M^{1}M^{2}\end{array})-$ intertwining operator $\text{ }$ $u^{i}\in M^{i}$ ,
$a\in V$
$\text{ }$ intertwining operators $I(\begin{array}{l}M^{3}M^{1}M^{2}\end{array})$
$V$ $M^{i}(i=1,2, \cdots, r)$
$M^{i}$ \sim $L:=\mathbb{Z}M^{1}\oplus \mathbb{Z}M^{2}\oplus\cdots\oplus \mathbb{Z}M^{f}$
; $\dim I(\begin{array}{l}M^{k}M^{i}M^{\dot{J}}\end{array})=N_{ij}^{k}$




$W$ $V$ sub VOA $V$ W-
$W$ $V$
VOA $V$ sub VOA $W$
$V$ $W$ intertwining operator o
$V$
$V$ sub VOA $L( \frac{1}{2},0)$
2.2 Ising
VOA $L( \frac{1}{2},0)$ $L( \frac{1}{2},0)$
$\mathrm{V}\mathrm{O}\mathrm{A}$
73
$L(\mathrm{M}, 0)$ VOA $L(\mathrm{g}, \mathrm{O}),$ $L0,$ $\mathrm{D},$ $L(\mathrm{A}, \ovalbox{\tt\small REJECT})$
3
$L( \frac{1}{2},0)$
$L( \frac{1}{2}, \frac{1}{2})\cross L(\frac{1}{2}, \frac{1}{2})=L(\frac{1}{2},0)$
. $L( \frac{1}{2}, \frac{1}{2})\cross L(\frac{1}{2}, \frac{1}{16})=L(\frac{1}{2}, \frac{1}{16})$
$L( \frac{1}{2}, \frac{1}{16})\cross L(\frac{1}{2}, \frac{1}{16})=L(\frac{1}{2},0)+L(\frac{1}{2}, \frac{1}{2})$
$W^{0}= \mathbb{Z}L(\frac{1}{2},0)\oplus \mathbb{Z}L(\frac{1}{2}, \frac{1}{2}),$ $W^{1}=$
$\mathbb{Z}L(\frac{1}{2}, \frac{1}{16})$ $Z_{2}$-grade $W^{0}$
$L( \frac{1}{2},0)$ 0, $L( \frac{1}{2}, \frac{1}{2})$
1 $W^{0}$ $\mathbb{Z}_{2}$-grade $L$ $( \frac{1}{2},0)$ -
$L( \frac{1}{2},0)$ $\mathbb{Z}L(\frac{1}{2},0)\oplus \mathbb{Z}L(\frac{1}{2}, \frac{1}{2})\oplus \mathbb{Z}L(\frac{1}{2}, \frac{1}{16})$
$L( \frac{1}{2},0)$ $\mapsto$ $L( \frac{1}{2},0)$
$\tau$ : $L( \frac{1}{2}, \frac{1}{2})$ $\mapsto$ $L( \frac{1}{2}, \frac{1}{2})$
$L( \frac{1}{2}, \frac{1}{16})$ $\mapsto$ $-L( \frac{1}{2}, \frac{1}{16})$
2 $\mathbb{Z}L(\frac{1}{2},0)\oplus \mathbb{Z}L(\frac{1}{2}, \frac{1}{2})$
$L( \frac{1}{2},0)$ $\mapsto$ $L( \frac{1}{2},0)$
$\sigma$ :






sub VOA (e) $:=\mathrm{s}\mathrm{p}\mathrm{m}\{e:_{1}\cdots e:_{k}1|i_{1}\leq$
$\ldots\leq i_{k}<0\}$ VOA $\langle e\rangle\simeq L(c, 0)$
$V$ $\frac{1}{2}$ $e$
$\langle e\rangle\simeq L(\frac{1}{2},0)\subset V$ $V$ $L( \frac{1}{2},0)$ -
$L( \frac{1}{2},0)$ $L( \frac{1}{2},0),$ $L( \frac{1}{2}, \frac{1}{2}),$ $L( \frac{1}{2}, \frac{1}{16})$
$V=W_{0}\oplus W_{\frac{1}{2}}\oplus W_{\frac{1}{16}}$
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$W_{h}$ $L( \frac{1}{2},0)$ - $L( \frac{1}{2}, h)$
$V$ sub VOA $\langle e\rangle\simeq L(\frac{1}{2},0)$
intertwining operator $2\text{ }$ Ising
$V$ VOA
$e\in V$ 1/2 $V$ $\langle e\rangle$-7JO $V=$
$\ovalbox{\tt\small REJECT}\oplus W_{\frac{1}{2}}\oplus W_{\frac{1}{16}}$
$\tau_{e}$ : $\{$
$v\mapsto v$ if $v\in W_{0}\oplus W_{\frac{1}{2}}$
$v\mapsto-v$ if $v\in W_{\frac{1}{16}}$
$V$ VOA $\tau_{e}=\mathrm{i}\mathrm{d}_{V}$ , $V=W_{0}\oplus W_{\frac{1}{2}}$
$\sigma_{e}$ : $\{$
$v\mapsto v$ if $v\in W_{0}$
$v\mapsto-v$ if $v\in W_{\frac{1}{2}}$
VOA $\sigma_{e}=\mathrm{i}\mathrm{d}_{V}$ $W=$
$\{v\in V|e_{1}v=0\}$ $W$ $V$ sub VOA VOA










$T:= \langle e^{1}, \cdots, e^{n}\rangle\simeq\langle e^{1}\rangle\otimes\cdots\otimes\langle e^{n}\rangle\simeq L(\frac{1}{2},0)^{\otimes n}$ $V$




VOA $3\text{ }V$ T-
$h_{:} \in\{0, \frac{1}{2}, \frac{1}{16}\}$ $L( \frac{1}{2}, h_{1})\otimes\cdots L(\frac{1}{2}, h_{n})$
$L(h_{1}, \cdots, h_{n}):=L(\frac{1}{2}, h_{1})\otimes\cdots\otimes L(\frac{1}{2}, h_{n})$
$m(h_{1},\cdots,h_{n})$
$V=m_{(h_{1\prime}h_{n})}, \cdots L(h_{1}h:\in\{0,\frac{\oplus_{1}}{2},\frac{1}{16}\}’\ldots, h_{n})$
Ising
$h_{:} \in\{0, \frac{1}{2}\}$ m(hlt..., ) $\leq 1$
$W=$ $\oplus$ $m_{(h_{1\prime\prime}\hslash_{n})}\ldots L(h_{1}, \cdots, h)$
$\in\{0,\frac{1}{2}\}$
sub VOA
sub VOA W=\oplus 6{0,-21} $m(h_{1,t}\ldots h_{\hslash})L(h_{1}, \cdots, h_{n})$ $\frac{1}{2}$ 1
$(h_{1}, \cdots, h_{n})\mapsto(2h_{1}, \cdots, 2h_{n})\in \mathbb{Z}_{2}^{n}$ $W$ 2
2
$L( \frac{1}{2},0)$ $L( \frac{1}{2}, \frac{1}{2})$
$V$ $T$
$\text{ }W$










$D$ $\mathbb{Z}_{2}^{n}$ 2 $\alpha=(a_{1}, \cdots, a_{n})\in D$ \S 1
SVOA $L( \frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})$ $n$ $M_{\alpha}:=$
$L( \frac{1}{2},a_{2}\lrcorner)\otimes\cdots\otimes L(\frac{1}{2}, \underline{a}_{2}\mathrm{n})$ $\{L(\frac{1}{2},0)\oplus L(\frac{1}{2}, \frac{1}{2})\}^{\otimes n}=$
$3\mathrm{V}\mathrm{O}\mathrm{A}$ [FHL]
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\oplus \mbox{\boldmath $\alpha$}6Z?M $\sqrt 0$ ) $\ovalbox{\tt\small REJECT} u^{1}\otimes\cdots\otimes u^{n}\in$ M $\{Lrightarrow,$ $0)\oplus$
$L(\mathrm{M},\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT})\}^{C\mathit{9}n}$ $\mathrm{Y}(u^{(0)}, z)\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{Y}^{1}(u^{1}, z)\otimes\cdots\otimes \mathrm{Y}^{n}(u^{n}, z)$
$u^{(\alpha)}\mathrm{C}M\ovalbox{\tt\small REJECT},$ $\sqrt\beta$) $\in$ M $\{L(\mathrm{M}, 0)\oplus L(3, \mathrm{g})\}^{\otimes n}$
SVOA
$\mathrm{Y}(u^{(\alpha)}, z)\mathrm{Y}(v^{(\beta)}, w)\sim(-1)^{(\alpha,\beta\rangle}\mathrm{Y}(v^{(\beta)}, w)\mathrm{Y}(u^{(\alpha)}, z)$
$M_{D}$ $:=\oplus_{\alpha\in D}M_{\alpha}$ $M(0^{n})=L( \frac{1}{2},0)\otimes\cdots\otimes L(\frac{1}{2},0)\subset M_{D}$
$M_{D}$
$D$ $\alpha\in D$ $\langle\alpha, \alpha\rangle=0$
$\mathrm{Y}(u^{(\alpha)}, z)\mathrm{Y}(v^{(\alpha)}, w)\sim \mathrm{Y}(v^{(\alpha)}, w)\mathrm{Y}(u^{(\alpha)}, z)$ $M_{\alpha}$
$M_{D}$
VOA $D$
$\mathbb{Z}_{2}^{n}$ $\mu_{1}=(100\cdots 0),$ $\mu_{2}=(010\cdots 0)$ ,
$\ldots,$ $\mu_{n}=(00\cdots 01)$ $e^{0}=1,$ $e^{\mu:}\cdot e^{\mu:}=1,$ $e^{\mu}\dot{\cdot}e^{\mu_{j}}=$
$-e^{\mu_{j}}e^{\mu_{i}}(i\neq j)$ $\alpha=\mu_{i_{1}}+\cdots+\mu_{i_{k}}\in \mathbb{Z}_{2}^{n}$ $e^{\alpha}:=e^{\mu:_{1}}\cdots e^{\mu:_{k}}$
$\tilde{D}:=\{\pm e^{\alpha}|\alpha\in D\}$ $\{\pm 1\}$ extra-special 2-group $\text{ }$
$e^{\alpha}e^{\beta}=(-1)^{\langle\alpha,\beta\rangle+|\alpha|\cdot|\beta|}e^{\beta}e^{\alpha}$
$\alpha,$ $\beta\in D$ $(-1)^{|\alpha|\cdot|\beta|}=1$ $e^{\alpha}e^{\beta}=(-1)^{\langle\alpha,\beta\rangle}e^{\beta}e^{\alpha}$
$\alpha\in D$
$\tilde{M}_{D}:=\oplus M_{\alpha}\otimes_{\{\pm 1\}}e^{\alpha}\alpha\in D$
$u^{(\alpha)}\otimes e^{\alpha}\in M_{\alpha}\otimes e^{\alpha}$ $\tilde{\mathrm{Y}}(u^{(\alpha)}\otimes e^{\alpha}, z):=$
$Y(u^{(\alpha)}, z)\otimes e^{\alpha}$ $\tilde{D}$
$\tilde{M}_{D}$
$\tilde{\mathrm{Y}}(u, z)\tilde{\mathrm{Y}}(v, w)\sim\tilde{\mathrm{Y}}(v, w)\tilde{\mathrm{Y}}(u, z)$ $(u, v\in\tilde{M}_{D})$
$1^{i},$ $\omega^{i}$ $L( \frac{1}{2},0)^{\otimes n}$ \mbox{\boldmath $\tau$}-\swarrow $i$
$\text{ }$
$\tilde{1}:=1^{1}\otimes\cdots\otimes 1^{n},\tilde{\omega}^{i}:=1^{1}\otimes\cdots\otimes\omega^{i}\otimes\cdots\otimes 1^{n},\tilde{\omega}:=\tilde{\omega}^{1}+\cdots+\tilde{\omega}^{n}$






VOA $M_{D}$ $W$ $M_{D}$- $(0^{n})\in D$
$M_{(0^{n})}=L( \frac{1}{2},0)^{\otimes n}\subset M_{D}$ $W$ $M_{(0^{n})}$- M(0’
VOA $M_{(0^{n})}$- $W$
$W=m_{(h_{1},\cdots,h_{n})}L(h_{1}h: \in\{0,\frac{\oplus_{1}}{2},\frac{1}{16}\}’\ldots, h_{n})$
$(h_{1}, \cdots, h_{n})$ $\frac{1}{16}$
Ising $M_{D}$ $W$
$\mathrm{f}9\#\sim\frac{\frac{1}{161}}{16}- \mathrm{w}\mathrm{o}\mathrm{r}\mathrm{d}\tau(W)\in \mathbb{Z}\text{ }\mathrm{B}^{\sim}\backslash \text{ _{}\mathrm{D}}\Re \mathrm{f}\mathrm{f}\text{ }1,0,$
$\frac{1}{2,n2}\mathrm{B}^{*}\mathrm{a}\acute{\mathrm{h}}^{\mathrm{B}}\text{ }\theta)_{\mathrm{D}}\Re ff\text{ }$60 $\text{ ^{}=}- m\mathrm{t}\neq rarrow \text{ }\text{ }\mathrm{f}\mathrm{f}\mathrm{l}\text{ }\backslash M_{D}- l\mathrm{O}\text{ }W\mathrm{B}^{\mathrm{a}}\text{ }--,\not\in[\mathrm{M}\mathrm{i}3]l_{\sim}^{\sim}\mathrm{k}^{*\mathrm{A}\mathrm{a}^{-}}C^{\backslash }’\lambda \text{ }f\text{ }7\sigma)\mathrm{i}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{t}\mathrm{w}\mathrm{i}\mathrm{n}\mathrm{i}\mathrm{n}\mathrm{g}-\backslash$
operator
$I^{\frac{1}{2}\frac{1}{16}}’(*, z)\in I(\begin{array}{l}L()LL()\end{array})$




$\tau(W)=(0^{n})$ M(0 - $W$
$\frac{1}{16}$
$W$
$\alpha$ $M_{D}$ $\alpha+D$ $W$
$W=M_{\alpha+D}$ (coset) $\text{ }$ 1 $\tau(W)\neq(0^{n})$
$W$ $\gamma\in \mathbb{Z}_{2}^{n}$
$D_{\gamma}:=\{\beta\in D|\mathrm{S}\mathrm{u}\mathrm{p}\mathrm{p}(\beta)\subset \mathrm{S}\mathrm{u}\mathrm{p}\mathrm{p}(\gamma)\}$ $\gamma=\tau(W)$ $D_{\gamma}$
$D$ $\beta\in D_{\gamma}$ $M_{\beta}$
$W$ $M(0^{n})^{-}$ $W$
$M(0^{n})$- $W_{1},$ $\cdots,$ $W_{k}$ $M_{D_{\gamma}}$ W
$W$ $M_{D_{\gamma}}$- $\tilde{D}_{\gamma}$- $Q_{:}$ $-e^{0}$ -1
$W\simeq\oplus^{k}(W.\cdot\otimes Q:)\dot{\iota}=1$
78














$(h_{i}),$ $h_{i} \in\{0, \frac{1}{2}, \frac{1}{16}\}$ $\frac{1}{16}$word $\gamma=\tau(W)$
$U((h_{i})):=L(h_{1},$ $\cdots,$ $h\sim\otimes F_{\chi}$
$M(0^{n})$ - $\alpha=(a_{i})\in H$ Ising
$a_{\vec{2}}\cross h_{i}$ intertwining operator $I^{a_{\hat{2}}}.,h_{:}(*, z)$ $(u^{1}\otimes\cdots\otimes u^{n})\otimes e^{\alpha}\in M_{\alpha}$
$U((h_{i}))$
$\}U$ (( $h$ ) $((\otimes u^{:})\otimes e^{\alpha}, z):=.(\otimes I^{\underline{a}_{\mathrm{i}}}2’:(hu^{i}, z))\otimes\chi(e^{\alpha})$
$U((h_{i}))$ MH-




$\mathrm{I}\mathrm{n}\mathrm{d}_{H}^{D}U((h_{i}))$ $M_{D}$- $M_{D}$- $\tau(W)=\gamma$
$M_{D}$- $M_{H}$
$M_{D}$
$V$ VOA $\dim V_{0}=1$ 1/2







VOA 5 $L( \frac{1}{2},0)^{\otimes n}\subset V$ $L( \frac{1}{2},0)^{\otimes n}$- $V$




$D$ $V^{0}\simeq M_{D}$ $V^{\alpha}$ $V^{0}=M_{D^{-}}$
VOA 2 $D,$ $S$
$(D, S)$-framed VOA
$(D, S)$ VOA
(1) $D,$ $S$ $8k$ $S\subset D^{[perp]}$
(2) $\alpha\in S$ $M_{D}$- $V^{\alpha}$ $\tau(V^{\alpha})=\alpha$
(3) $\alpha,$ $\beta\in S$ $M_{D}$- $V^{\alpha}\cross V^{\beta}=$
$V^{\alpha+\beta}$
(4) $\alpha,$ $\beta,$ $\alpha+\beta\in S-\{(0^{n})\}$ $M_{D}\oplus V^{\alpha}\oplus V^{\beta}\oplus V^{\alpha+\beta}$
VOA
$V=\oplus_{\alpha\in S}V^{\alpha}$ .– $(D, S)$-framed VOA
(3) (
) $[8,4,4]$-Hamming code
2 (1), (2), (4) (3)
(3.1) $\alpha\in S$ [8,4,4]-Hamming code $k$ $D$
$E^{\alpha}$ $E_{\alpha}^{\alpha}=\{\beta\in E^{\alpha}|\mathrm{S}\mathrm{u}\mathrm{p}\mathrm{p}(\beta)\subset \mathrm{S}\mathrm{u}\mathrm{p}\mathrm{p}(\alpha)\}$
$E^{\alpha}$






(11111111) (11110000) (11001100) (10101010)
$\mathbb{Z}_{2}^{8}$ 4 [8,4,4]-Hamming code
$H_{8}$ $\mathbb{Z}_{2}^{8}$ $H_{8}$
VOA $M_{H_{8}}$ VOA moonshine
module $V^{\mathfrak{h}}$ V
Ising intertwining operator
intertwining operator $L( \frac{1}{2}, \frac{1}{16})\cross L(\frac{1}{2}, \frac{1}{16})$







$L( \frac{1}{2}, \frac{1}{16})^{\otimes 8}$ $L( \frac{1}{2}, \frac{1}{16})^{\otimes 8}$ $M_{H_{8}}$
$M_{H_{8}}$ - $\beta+H_{8}\in Z_{2}^{8}/H_{8}$
$L( \frac{1}{2}, \frac{1}{16})^{\otimes 8}$ $M_{H_{8}}$ - $\beta+H_{8}$
$H( \frac{1}{16}, \beta)$ $(\mathrm{c}\mathrm{f}.[\mathrm{M}\mathrm{i}4])_{\text{ }}$ coset $M_{\alpha+H_{8}}$ $H( \frac{1}{2}, \alpha)$
$M_{H_{8}}$ - $\{H(\frac{1}{2}, \alpha), H(\frac{1}{16}, \alpha)\}$
$H( \frac{1}{2}, \alpha)\cross H(\frac{1}{2}, \beta)$ $=$ $H( \frac{1}{2}, \alpha+\beta)$
$H( \frac{1}{2}, \alpha)\cross H(\frac{1}{16}, \beta)$ $=$ $H( \frac{1}{16}, \alpha+\beta)$
$H( \frac{1}{16}, \alpha)\cross H(\frac{1}{16}, \beta)$ $=$ $H( \frac{1}{2}, \alpha+\beta)$
$H(h, \alpha)$ VOA $M_{H_{8}}$
$H(h, \alpha)\cross H(h, \alpha)=M_{H_{8}}$
$M_{H_{8}}\oplus H(h, \alpha)$ SVOA $h= \frac{1}{2}$
$\alpha$ VOA $D$ $E=\oplus_{i=1}^{k}E^{i}$
$E^{i}$ $E^{i}\simeq H_{8}$ N\acute -
$U=\otimes_{i=1}^{k}H(h^{i}, \alpha^{i})$ $M_{D}$ sub VOA VOA
$M_{E}\oplus U$ VOA $\tau(U)\in D^{[perp]}$ $M_{D}\oplus \mathrm{I}\mathrm{n}\mathrm{d}_{M_{E}}^{M_{D}}(U)$
$M_{E}\oplus U$ VOA
$L( \frac{1}{2}, \frac{1}{16})$ 8 MH8-
VOA
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